
<
c<
z

,

.

NATIONALADVISORYCOMMITTEE
FORAERONAUTICS

TECHNICAL NOTE 2024

~
-=.

SOUNDMEASUREMENTSFORFIVESHROUDED

AT STATICCONDITIONS

ByHarveyH.Hubbard

LangleyAeronauticalLaboratory
LangleyAir ForceBase,Va.

Washington
April 1950

PROPELLERS ~

.-

AFM2C



TECHLIBRARYKAFB,NM :

Iilllllllllll[llllll[lllE
NATIONALADVISORYCCMMI!M’EEFCIRAERONAUI!IL. Dilb5Z!5~ .=

TMXNICALNOTE2&4

SommMEAsTIRmEmsI?cR

AT STATIC

By Harvey

Fl?/XSHROUDED

CONDITIONS

H.Hul)bsrd

SUMMARY

—

Sound~ressuremeasurementsat staticconditionsarereportedfor
fiveshroudedpropellersandsrecompsredwiththoseforsnunshrouded
prppellerofthesamediameteroperathgat approximatelythesame
rotationalspeedandpower.

Themsximmtotalsoundpressureproducedby a two-bladeshrouded
propellerisfoundtovaryapproximatelyfrtione-halfto twiceasmuchas
thatfora twc-bladeunshroudedyropelkr,dependdngonwhethertheflow

● at the~hroudsurfaceisunseparatedorsepwated,respectively.Dur@
conditionsofunseparatedflowthehigherharmonicsofrotationalsound
me greatlyattmuated,thevortexnoiseproducedis ata min3mnn,and

. theresultingsoundispredomimntlyoflowfrequency.Forthesepsrated
flowcondition,allrotational-soundfrequenciessrereinforced,the
vortexnois’eismuchgreater,andanunpleasantI&@+requency sound
results.

● As isthecasewithunshroudedpropellers,an increasednwiberof ~
bladesanda reductionintipspeedtendtoreducethesoundpressures.

Theshroudchordisfoundnottobe criticalexceptinsofaras the
aerodynamicconsideratio&sr6affected.Tipclearancesoflessthan
1 percentofthediametarsrefoundtobe satisfactorywha soundalone
iS considered.Ingeneral,iftheshroud-propellerunitsatisfiesaer-
dynamicrequirements,goodsoundcharacteristicswillalsobe obtained.

ofa
Thepossibilityof
propellerby meems

lXPRODUCTION

decreasingthesound
ofa shroudhasbeen

andincreasingthethrust
discussedinreference1. “.--

.
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An analyticalinvestigationenda seriesofwind-tunneltestsofa
shrouded~opellw wereincludedinreference2.

Reoemtstatictestsofa shroudedpropeller(reference3)have
indioatedthatapproximatelytwiceasmuchstaticthrustwasobtained
ata givenpowercoefficientaswithanunshrouded-propeller,chief-ly
becausetheunshroudedpropellerwasstalled$whereastheshrouded
propellerwasunstalled.Duringtheseteststheshroud-propellerunit
wasobservedtorunquietlyat timesandtobe verynoisyat other
times. Duringhoi.syoperationtheflowwasobservedtobe separated
fromtheinnershroudsurfaceat thelead~ edgeandduringquiet
operationtheflowwasunseparated.

Sincetheshroudedpropellershowssomepromiseaerodynamically
forapplioatiantopersonalownertypeofaircraftendbecausefew,if
any,sourdmeasurementshavebe= reportedonshroudedpropellers,it
seemeddesirableto investigateexperimsxtal.lythesoundproduoedby
them.

b

R

r

b

D

h

,T

P~

P

Statictestswerewadefora two+ladepropelleroperatinginf6ur
differentshroudsand,inaddition,a limitednumberoftestswere=de
witha five-bladeshroudun3t. Thesounddataobtainedarecompared
withthesoundfra an unshroudedpropelleroperatingat thesamerot-
tionalspeedandpower.

*

SYMBOLSANDDEFINITIONS
w

propellertipradius,feet

stationradius,feet

sectionchord,feet

propellerdiameter,feet

sectionthickness,feet

thrustdevelopedby shroud,pounds

power,horsepower

root+mxm-squaresound,pressurefora givenharmonic,
dynespersqy.arecentimatm

root+neam-square
Cezrhleter

total soundpressure,dynespersqusre
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Subscript:

0“75
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propellerrotationalspeed,rpm

tipMachnmiber

tipclearance,feet

orderof&tic

nmiberofblades

distsnce,feet

englemeasuredfromaxisofrotation,degrees
(w infrmt)

bladesngle,degrees

measuredat r = O.‘j’~

Theterms“noise,”“sound,”and“soundpressure”arewed synony-
mously.

Therotationalnoiseofa propelleristhenoiseduetothesteady
aerodynamicforcesontheblades.Thefrequenciesereintegralmultiples
ofthefundamexrkalfrequencyofbladepassage(rotationalfrequczmy
multipliedby thenumberofblades},andthepressuresarea maximum
slightlybehindtheplaneofrotatia.

Thevortexnoiseisthepropellernoisedueto theunsteadyforces
onthepropellerblade.Thepressureserea maxhumontheaxisof
rotation,andthefrequaaciesarerendom.

APPARATrJsANDMETHolx

Statictestswereconductedforthemeasurementandenalysesofthe
soundqnissionoffivedifferentpropeller+hroudcombinations,Tests
weremadefora tw+bladepropellerwiththefourclifferentshrouds
describedintablesI toIV,fora two-bladeunshroudedpropeller,and
foronefin-bladeshroudedconfiguration.Mostofthetestsweremade
withtheshroud-propellerunitoffigure1 whichconsistsof shroudB
(seetableII)andthetwo+ladepropellerbecausetkk combinationgave
consistentresultsendallowedthepropelle~planepositimtobe adjusted.



4

The
designed
hourand

NACATIV2024

twc+lade&-foot+liameterpropeller-usedinthetestswas
forshroudoperationat a forwardspeedofabout120milesper
hadClarkYbladesections.The_blad&f’ormcurvesaregiven

in figure2(a). This~ropellerwasdesignedto op~ateat a spe~dof
3300rpmanda bladeangle ~Oc75 of21.5°andat theseconditionsIn

staticteststhepowerabsorbedwasnearthemaximumavailable&cm the
drivemotor.

Thefive+blade&foot+iazueterpropellaincorporatedthesame
bladesaswereusedforthetestsinreference3,andtheblade-form
curvesareshowninfigure2(b).Thispropellerwasoperatedin
shroudB at-approximatelythesamerotationalspeedandpowerasthe
two-bladepropellerforcomparisonofresults.

Theunshroudedtwc+bladepropellerhedroundedtips;whereasthe
shroudedpropellershadsquaredtips.“Inallotherrespectsthe
unshroudedpropellerwas”thesameas theshroudedtwo+ladepropeller.

F1oWseparationfromtheinsideshroudsurfacenearthenoseoccurred
atlowrotatimalspeedsforallpropell~hroudcombinations.This
flowseparationestablishedthelowerlimitofthesyeedrangeforthe
test.Thetopspeedforconttiuousoperaticmwaslimitedtoapproxhmtely
a tipMachnumberof0.60by thepowerofthedrivemotor;however,a
limitedamount--ofdatawastakenata tipMachnuniberof0.73.

Thetestpropellersweredrivenby a 200+orsepower,watercooled,
variable+peedelectricmotor.Powerinputstothedrivemotorinall
testsweremeasureddirectlyby mesasofa wattmet~andthesereadings
werecorrectedby meansofmotor-efficiencydatato determinethepower
inputtothepropeller.Themotorwasrigidlymountedonan outdoortest
standas showninfigure1.

Theshroudsweredesignedwitha fairlylargelead@yedgeradius,
andthesectionsweresetata -4°angleotittack,as illustratedin
figure3, in thehopethatthetendencyfortheflowto sep=ateat the
nosewouldbe lessenedforstaticconditions.Sincesizeandweight,as
determinedprincipallyby thechord,areofgreatimportance,shroudsC
andD withchordsof9.6inches,shroudB with19.2inches,andshroudA
with28.8inchesweretestedto evaluatetheeffectofchordon thesound

‘ emission.Differencesintheairfoilsection,leading-edgeradius,smd
soforth,whichwereintroducedinan attemptitohelpstabilizethefl~w,
werealsopresentinthisseriesof shroudsas tidicatedinthefollowing
paragraph. .

ShroudA ordtiates,asgivenintable1,wereohtainedbymodifying
theNACA4312airfoilsectlaato ticreasethenoseradiusby 50percent.
l&omthe3@percd+chordstationto--thetrail~ edgetheordinatesare
thoseoftheEK!A4312sectionandaheadofthe30-percentstationthey

*

v
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axegreaterthanthenorml NACA4312ordimates.
modificatim,as htioatedintablesIIandIII.

5

Thesametypeof
was?mdetothe

NACA4315andNAM4318ordinatesto obtaiRthe-sectiaof shro~B
andshroudC,respectively.Theleading-edgeraddusforshroudD was
madethesameasforshroudB by increasingthenormalleading-edge
radiusoftheNACA4318airfoilsecticmby 109percent,as shownin
tableIV. “ShroudsC andD offera co~arism,respectively,betwema
nearlyccrrmntionalairfoilwithonethathasa muchlargerleading+dge
radiusthannormal.

Theshroudunitswerenormallyoperatedwiththeproyellerplane
at40yercentofthechord,measuredfromtheleadingedge.At this
station,whichwasat theminimumshrouddiameter,theproyellertip .-

clear~cewas3/32inch. Onepropeller+hroudconibtitionwasoperated
alsowiththepropellerplaneatthe32—and48-percentstationsfor
Conrpsrison.At thek@ercent stationthebladeswereprogressively
shortenedina seriesofteststo evaluatetheeffectof increasing
thepropellertipclesrance.

Root-mear+squaresoundpressuresweremeasuredby a Massa
LaboratoriesModelGA-1OO2sound-pressure+neasurementsystemcalibrated
toreaddirectlyindynespersquerecentimeter.Themicrophonewas
placedatgroundleveltoensuremaximumpickupofallfrequenciesat
a distsnceof 30feetfrcmthepropellerhubandatvariousanglesG
fromthepropellersxlsofrotation(Ooinfrontofpropeller).Wessure*
amplitudes(rms)ofthefirstfourharmonicsoftherotationalsound
weremeasuredwitha Hewlitt-Packagdharmonicwaveenalyzeradjustedto

+ a bandwidthof100cyclespersecond..Totalsoundmeasurementswere
alsomadeforeachteatcondition.

Nopropeller-thrustdataweremeasured;however,pressuremeasure-
mentsontheshroudsurfaces,fromwhichshroudt~ustwascalculated,
wererecordedbymeansofa multiplemanometer.Thesepressuredata
weremeasuredat onesectionandareassumedto applyallaroundthe
shroudperiphery.

Forthesestatictests,winddirectionwascriticalinestablishing
theairflowintheshroud.Crosswindsandtailwindsgenerallycaused
a separationoftheairflowonpsrtsoftheshroudsurface,andhead
windsgenerallyassistedinestablishingunseparatedflow. Flow
conditionswereobservedby meansoftuftslocatedaroundtheyeri~hery
oftheshroudontheinsidesurfaceneartheleadingedge.
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REWLTSAIDDISCUSSION

.

●

As observedh earliershroudtests(reference3) thesound.-
producedby a shroud-propellerunitisfoundtobe Imfluacedby the
flowconditimsat
by a giTalunit”Is
ratedthenwhenit

Totalsound.-
infigure4 givea

theshroudsurface.Ih ganeral,thesound&oduced
lesswhentheflowat theshroudsurfaceisunsepa-
issep~ated.

Measurementsofthetotalsoundpressuresas shown
comparisab’etweanthetwo+ladeshroudedandthe ‘

tw&blade’ur&roudedp%pellertitthesamerotatimalspeedandpower.
Atthe-e of-- s-d (e. 120°approx.) thesoundpressures
producedvaryapproxinmtelyfromonAuQf asmuchto twice& muchas
theunshroudedpropeller,dependingonthefIowccditions.Forthe
separated-flowcondition,thevortexnoise,wlxkhnorre,llyappears
strmgestonthepropelleraxisofrotati~,isobservedtobe much
increased,andtheresultingsoundisunpleasant,Forthe~sepaated-
flowconlitim,thevortexnoiseIsappammtlyless,andthesound
producedhasa predominantlow+requencycontmt.

An appraisalofthequalityofthesoundproducedat thesetwo
flow&xxiitionsmaybe obtainedfromfigure~. Cathode+rayoscillograph
picturesofthesoundQroducedby a shroudedproywllerareshownin
figure5(a)forunseparatedflowmd infigure5(b)for~epsratedflow
resultingfroma crosswindona sectimoftheshroudsurface.

?0
Both

photographsweretakenat thesamegainforcomparisonofamplitudesand
thetimeintervalbetweenthemisabout1 minute.It-isappsrentthat
thecontributionOFthehighfrequaciesismuchgreaterfortheseparated–

●

flowccadition.

Frequencyanalysis.- A clearerpictureof thefrequencycontentof
thetotalsoundpressuresrepresentedby thethreeconditionsoffigure4
canhe otrtatiedfromfigure6. In thisfiguretherelativea@itudes
ofthefirstfourhermonicsofrotatimalsoundofa tw&bladeshrouded
andunshroudedpropellerarepresented.AIL.dataweretakenat-thesame
rotationalspeedsndpowerfu. compariscm. F@re 6 tidioatesthatthe
maximumrotational+oundamplitudeswerenotgreat=fora shrouded
propellerthanforanunshroudedpropellera&the samerotationalspeed
andpower.A srkmtantidlamplitudereductionforallrotatimal+ound
frequmciesmayberealized,however,iffavorableflowconditicmsexist
intheshroud,andthesmnmt ofsucha reductlcxndepedsontheorderof
theharmonic,theamplitudesof thehigherharmonicsbeingreducedby the
greaterammmt.

Shroudchord.- In orderto determinetheeffect-ofshroudchordon
thetotalsound,a limitednu@er oftestswere”madewiththesamepropeller

.

inco?ibinationWithShl?OUdSA, C,andD. DataforshroudB arereproduced
fromfigureL-forcomparisonandtheseresultsareshownh figure7. *
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Alldataweretakenwhenunseparatedflowhadbeenestablished,
exceptinshroudC forwhichapparentlytheunseparated-flowcondition
couldnotalwaysbe realized.It isapparentfromthegoodagreement
ofthedataforshroudsA, B, andD,whichhavechordsof28.8,19.2j
and9.6inches,respectively,that,intherangetested,thechordis
nota significantparameterinsoundgeneration.Aerodynamically
however,shroudsA andB weremuchmorestableandproduceda greater ‘.
thrustthanshroudsC andD. ShroudD hadfluctuating-flowconditions
whichcauseda thrustvariationendthisvariationinturnexcitedaxial
vibrationsoftheshroud.Theseflowfluctuationsweresuchas toprevent
theevaluationof shroudthrustattheunseparate&flowcondition.In
general,then,iftheshroudisoperatingat itsbestaerodynamically,
itwillalsoproducethe‘leastsoundandthesoundwillnotbe affected
greatlyby theshrouddimensions.

Tipclesrsnce.-Inorderto evaluatetheeffectofpropellertip
clesranceonthesoundproducedby a shroudunit,a seriesoftests
wasmadewithstioudB} inw~ch theprope~erbladeswereprogressively
shortened.Soundpressuresweremeasuredatfourpoints{e= 00,450,
90°,and120°)andwereaveragedtogivethevaluesylottedforthetip-
clesranceratiosoffigure8. Inaddition,themasuredpowerandshroud
thrustestimatedfrompressuresmeasuredontheshroudsurfacearegiven
foreachoperatingcondition.As thetipclesranceratioisincreased
(thatis,thebladesareshortened)theshroudthrusthops offrapidly;
whereasthesounddoesnotchangeappreciablyforti~learanceratios
UIIto about0.01.At greatertip-clesranceratiosthesoundpressures
increaserapidlyandapparentlyayproachthoseforanunshrouded
propeller.A limitednmiberoftestsweremadewiththepropellerposi-
tionadjustedto stationsof48 and32percentofthechordto compsre
theseresultswithresultsobtatiedatthenormalm percentorminimum
sectionoftheshroud.Bothoftheseadjustmentsinvolveda changein
tipclearmceandtheresultsindicatedthesametrendshowninfigure8.

Tipspeed.–TestsinthetipMachnumberrange0.45to 0.73Indicated
thatthepressuresmplitudeofthefundamentalfrequencyandsecond
harmonicof a twtiladeshroudedpropellerincreasedasthe4.5yower
endthe~.~pow6rofthetipspeed,respectively,as showninfigure9.
Theseresultsareinagreementwiththoseobtainedfromsimilartestsof
unshroudedpropellers(reference4) andindicatethatthelawsrelating
tipspeedandsoundpressureareapproximatelythesameforshrouded
andunshroudedpropellers.

Numberofblades.-Rotational-sounddataobtainedwitha two-blade
andfive-bladeshroudedpropeller,operatingat thesamerotationalspeed
andpower.areshowninfigure10. Dataobtainedwiththefive-blade
propeller(mB= ~) areCOIMistent with those forthetwo-bladepropeller
(mB= 2, k, and6). As inreference4, itmaybe assumedthat mB values
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of2, 4,~, and6 representthefundamentalfrequenciesoftherotational
soundgeneratedby two-,four-jfive-,ands“ix-blade_propellers.Figure10 .
shows,ingeneral,thatiasthenumberofibladesis increased,therotational
soundisdecreasedmuchthesameas isindicatedinreference4 foran
unshroudedpropefl.er.

Figure11 showsa comparisonofthetotalsoundemissionofa
two-anda five-bladeshroudedpropellerat%he ssmerotationalspeed
andpower.Thesoundpressures,exceptthoseneartheaxisofrotation,
arereducedforthelargernumberofblades;however,thisreduction
islessthantherotational-soundmeasurement=offigure10would
indicate.Thus,thedataoffigures10and11 showthatvortex noiseis
an importantpartofthetotalforthefive-bladepropeller.Thisfinding
isinagreementwithresultsoftestsonunshroudedmultibladepropellers
reportedinreference5.

T“- An attemptwasmadetoa@y theGut-inanalysis(refez=
ences5 and ),inwhichthenoiseisdividedintoitstorqueandthrust
componentsandwhichisusefulinpredictingthesoundfromanunshrouded
propeller,totheshroudedcase.Thisanalysisshowsthata decreasein
thrustcausesa decrease@ rotationalsound.Itwasfound,however,
thattherotational-sound-pressurereductionsindicatedinfiguze6
couldnotbe accountedforby useofthisanalysis.It isconcluded
that-thesesound-pressurereductionsarenotwhollytheresultofthrust
relief-ofthepropeller.

CONCLUSIONS

Sound-pressuremeasurementsat staticconditionsoffiveshrouded
propellersindicatedthefollowingconclusions:

1.Maximumtotalsoundpressureproducedby a two-bladeshrouded
propellermayvaryapproximatelyfromone+halftotwiceasmuch
asthatfora two-bladeunshroudedpropellerj-dependingontheflow
conditionsinsidetheshroud.Ingeneral,thesoundproducedisa
minimumandhasa predominantlow-frequencycontentiwhentheflowatthe
shroudsurfaceisunseparated.Attheseparated-flowcondition,sound
pressuresarea maximum,allrotationalfrequenciesarest~engthened,
andmuchvortexnoiseisgenerated.

2. If shroudparameters,suchastipclearance,chord,andsoforth,
satisfytheaerodynamicrequirements,ingeneral.,goodsoundcharacteristics
willalsobe
dismeterare
Thechordis

obtained.Tipclearancesof-lesst= 1 percentofthe
foundtobe satisfactorywhensoundaloneisconsidered.
nota significantparameterinsoundgeneration.

-*

*

.

.
.
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3.Thepolardistributionof sound
functionoftipspeedareapproximately.
propeller.

4.An appreciablereductionofthe

and
the

9

thesoundvariationas a
sameasforamunshrouded

maximumtotalsoundpressure
maybe achievedby an increaseinthenumberofpropellerbladesfora
givenoperatingcondition.Asthenumberofbladesis increased,the
rotationalsounddecreasesmarkedlyandthevortexnoiseincreasesto
theextentthatitcomprisesa largepsrtofthetotalsound.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyAirForceBase,Vs.,October28,1949

.

. .
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‘TABLEI.-SHROUDA !XCT’IONCOOIZDINATTZS
●

Airfoilsection. . . . . . . . . . . . . . . . .NACA4312(modified)
Maximumthickness. . . . . . . . . . . . . . . . “12~rcentof chord
Leading+dgeradius . . . . . . . . . . . . . . . . . . . . 0.685inch
Slopeofleading+dgeradius. . . . . . . . . . . . . . . . . . 0.267
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . 28.8inches

Innersur’’ace

Station

?ercent
chord

0.671
1.748
4.093
6.359
9.0!39
14.253
19.481
2k.~3P
30.000
40.095
50.173
60.223
70.!239
80.213
90.141
95.035
.00.000

Inches

0.193
.503

1.179
1.889
2.618
4.105
5.6n
7.124
8.64

11.547
14.45
17.344
20.229
23.101
24.961
27.384
28.8

Ordin

Percent
thickness

2.590
3.714
5.305
6.457
‘7.348
8.601
9.389
9.849

10.000
9.724
;.96:

6:349
4.573
2.500
1.353
0

;e

~ches

0.746
1.07
1.528
1.86
2.1.I.6
2.477
2.7&
2.837
2.88
2.801
29582
2.254
1.829
1.317
.72
●39-----

t Outersurface

Station

Percent
chord

1.829
3.252
5.907
8.441

10.911
15.747
20.519
25.265
30.000
39=905
49.827
59.777
69.761
799787
88.~~
94.915
100.000

0.527
●937

1.701
2.431
3.142
4.535
5=909
7.276
8.64
11.493
14.350
17.216
20.091
22.979
25.50k
27.336
28.8

Ordinate

Percent
thickness

–1.938
+2.436
+2.861
+2.957
+2.904
-2.601
-2.279
4.071
+?.000
-1.886
–1.6=
–1.296
-.961
–.655
–.378
–.251
0

Inches

-0.558
–.702
–.824
–.852
–.836
–.749
–.656
–*596
–.576
–.543
-.467
-.373
–.277
-.189
-.109
–.072

------
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TABLJ?,II.-SHROUDB SECTIONCOORDINA!LIZS-
.

●

fkhfoilsaction. . . . . . . . . . . . . . . . .NACA4315(modified)
Maximumthickness. . . . . . . . . . . . . . . . 15_percentof chord
Leading-edgeradius . . . . . . . . . . . . . . . . . . . .0.713inch
Sloyeofleadi~dge radius. . . . . . . . . . . . . . . . . . 0.267
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . 19.21nches

Innersurface

Station

PercentInches
chord

0.527
1.560
3.866
6.323
8.861

14.066
19.352
24.66g
30.000
40.119
50.216
60.279
70.298
80.267
190.176
95.106
LOO.000

0.101
.300
.742

1.214
1.701
2.701

7.703
9.641

11.574
13.497
15.41.1
17.314
18.260
19.2

Ordinate

Percent
thickness

3.156
4.483
6.326
7.633
8.629

10●002
10.847
3.1.339
11.~oo
11.1~
10.290
8.965
7.263
5.227
2.859
1.552
0

Inches

0.606
.861

1.215
1.466
1.657
1.920
2.083
2.177
2.208
2.146
1.976
1.721
1●394
1.004
.549
.298

-----

Outers~face

Station

Percent
chord

1.973
“;.;;:

8:677
u ●139
15.934
20.648
25.331
30;000
39.881
49.784
59.721
69.702
79*733
8g.824
94.89$

100.000

Inches

0.527
.660
l.l@
1.666
2.139
3.059
3.964
4.864
5.76
7.657
9*559
11.466
13.383
15.309
17.246
18.220
19.2

Ordinate

Percent
thickness

4.504
-3.205
-3.8a2
-4.133
-4.185
44002
-3.737
-3.561
-3.500
-3●337
4.944
+2.435
–1.875
-1.309
-=737
-.450
0

Inches

~ .481
-.615
-*745
–.794
–.804
-.768
–.718
–,684
–.672
-.641
::y@i&

-.360
-.251
-.142
–.086

------

.

.
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TABLEIII.-SEROUDC SECTIONCOORDINATl!X!

Airfoilsection. . . . . . . . . . . . . . . . . NACA4318(modified)
Maxhumthiciness.. . . . . . . . . . . . . . . 18percentofchord
Leading-edgeradius”.... . . . . . . . . . . . . . . . .0.51&inch
Slopeofleading-edgeradius. . . . . . . . . . . . . . . ...0.267
Chord . . . . ...’..... . . . . . . . . . . . . . . . 9.6inches

Innersurface Outersurface

Station Ordinate Station Ordinate

Percent Percent Percent Percent
Inchesthic~ess inches Inchesthic~ess Incheschord chord

o 0 0 0 0 0 0 0
.382 .037 3.723 ●357 2.118 .203 –3.071 -.295
1.3a2 .132 5.252 .504 3.628 :2: –3.97k ::::
3.639 .349 7.347 .705 6.361 4.903
6.088 .* 8.8L0 .846 8.912 .856 –5.310 –.510
8.633 .829 9.910 .951 =.367 l.ogl &:; –.525
13●880 1.333 11.403 1.095 16.120l.* -.519
19.2221.845 12.306 1.181 20.7781.995 –51196 -.499
24.6032.362 1.2.8291.232 25.3972.438 -5.051 –.485
30.0002.880 13.000 1.248 30.0002.880 –5●000 –.480
40.1423.8* 12.627 1.212 39.8583.826 J+.789 ~::~
5002594.825 u. 615 1.115 49.7414●775 A .269
60.3355.792 10.106 ●970 59.6655.728 -3.576 –.343
7003586.75k 8.176 .785 69.&2 6.686 -2*7@3 -.268
:.g ;.:$ 5.880 .565 79.6807.649 –1●962 –.188

3.220 ;30; 89.7898.620 -1●098 -.105
95:3.289:132 1.753 gk.872 9.108 –.651 -.063
.00●000 9.600 0 0 100.0009.600 0 0
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TABLE

Airfoilsection. .
Meximumthickness.

IV.-S3ROUDD SECTIONCOORDHOYITE

. . . . . . . . . . . . . . . NACA&3~ (modified)

. . . . . . . . . . . . . . . 18percentofchord
Leadin~dgeradius . . . . . . . . . . . . . . . ..~. .O.7l3~nch
SloPeofleading-edgeradius. . . . . . . . . . . . . . . . . . 0.267
Chord . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.6inches

Innersurface Outersurface

StatIon Ordinate Station Ordinate

?ercent Percent I&cent Percent
chord Inchesthic~ess Inches chord Inchesth~c~ess Inche8

0 0 0 0 0 0
.2315.023 ;●;;: .413 :.265 .217 -;.643

L 182 .113 9579 3.818 .367 &752 ::22
3.k72 ●333 8:103 .778 6.528 .627 -5.659 -.543
5.970 ●573 9.396 .902 9.030 .867 –5.896 -.566
8.560 .822 10.323 .991 11.4401.098 -5.879 -.564
13.8591.331 11o562 1a111 16.1411.549 -5.562 -m534-
1~.217 1.845 12.364 1.I_88 20.7831.995 -5.254 -.504
24.6032.362 12.830 1.232 25.3972.ti9 -5.034 -.485
30.0002.880 13.000 1.248 30.0002.880 -5●000 -.480
40.1423.854- I_2.627 1.212 39.8583.826 4.789 -.460
50.2594.825 11.615 1.115 49.7414.775 ~. 775 -.410
60~3353●792 10.106 .970 59.6655.728 -3.576 -.343
70●35a 6.754 8.~76 .785 69.6426.686 4.788 -.268
80.3207.711. 5.880 .565 79.6807.649 –1.962 -.I-88
90.al 8.660 3.220 .309 89.7898.620 -1.098 -.105
95.1289.132 1.753 e168 94.8729.108 -.651 -.063
.00,0009.600 0. 0 100●000 9.600 0 0
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Figure1.-Testinstallation(frontview)of theshroudedtwo-blade
propeller(shroudB).
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Figure2.-Concluded.
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Figure 4.- Polar distribution of total sound produced by a shrouded
and unshrouded two-blade propeller at approximately the same
rotational speed and power. N . 3300 rpn; s = 30 feet;

% = @ horsepmr.

I&l

170

MO

MO

, .
1



NAC!ATN 2Q24 21

=35=
L-62160

Figure5.- Oscillographrecordsof soundemissionof a two-blade
shroudedpropellerfortwoflowconditionsinsidetheshroud.
PO.75 = a.50;e = 120°;N = 3300rpm;s = 30feet.
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soundofa two-bladeshroudedandunshroudedpropelleratapproxi-
matelythesamerotationalspeedand~wer. N = 3300r~j s = 30 feet;
~ = 68horsepower.
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Figure6.- Continued.
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Figure6.- Continued.
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Figure6.- concluded.
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Figure7.-Compariaon of total sound generated by four
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Figure8.- Effectof
thrust, andtotal
Iv=3300rpm;“S=

tip-clearanceratioonpower
soundemissionofa shrouded
30feet. .’

absorption,shroud
propeller(shroudB).
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Figure9.- VariationofpressureamplitudewithtipMachnumber
forthefirsttwoharmonicsof a two-bladeshroudedpropeller
operatinginshroudA. PO.75= 21.5°;e = 120°;s = 30 feet.
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Figure10.–Effect ofnumberofbladesontherotational-sound
emissionofa shroudedproyeller.N = 3300rPm;s = 30feet;
‘H= 68horsepower.
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Figure 11. - Comparl~on of the total sound emission of two-blade and five-
blade shrouded propellers at the same rotational sp-eedand power.
Mt = 0.6; s = 30 feet; PH . 68horsepwer.
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